The sensitivity and specificity of two non-radioactive spot hybridization assays for hepatitis B virus DNA (HBV-DNA) using biotin and digoxygenin-labelled DNA probes were investigated in parallel in 122 serum samples from patients with chronic hepatitis B and 50 controls. The results were compared with an isotopic technique using a 32 P-labelled probe.
P-labelled probes. No false positives were found with either method. Using the biotin-labelled probe, 16% of sera gave discordant results, which were considered to be false positive. The time required for detection of serum HBV-DNA was 2 hours for the non-radioactive probes and 16 hours for the isotopic probes.
This study suggests that the digoxygenin-labelled probe for detection of HBV-DNA is the most rapid and sensitive method for routine diagnosis of viral replication in clinical laboratories.° ϋς °n tin or digoxygenin-labelled nucleotides by enzymatic Detection of hepatitis B virus (HBV) DNA in serum reaction (8 -10) . Some of these techniques have provides an important diagnostic tool for studying proved to be slightly less sensitive than the radioactive viral replication in chronic hepatitis B (l, 2). Nucleic methods in HBV-DNA detection (11, 12) . acid hybridization techniques using 32 P-labeIled probes are commonly used for routine analysis be-Our interest resides in finding accurate and rapid noncause they are rapid, require smalbamounts of serum radioactive methods suitable for routine diagnosis in and allow simultaneous treatment of about one clinical laboratories, for HBV-DNA detection in huhundred samples (3, 4) . Their disadvantage lies in the man serum samples. In this work we investigate and use of radioisotopes, which have short half-lives, are compare the sensitivity, the specificity and the time expensive and cannot be handled easily in a routine necessary for detection of HBV-DNA, using DNA diagnostic laboratory. A variety of methods have been probes prepared by: incorporation of biotin (biotinproposed to replace the radioactive labelling of 11-dUTP) into DNA by Standard nick-translation probes, such s the chemical modification of detect-procedures; incorporation of digoxygenin (digoxyable DNA with monoclonal antibodies, fluorescein genin-dUTP) into DNA by random priming; and a and photobiotin (5-7), and the incorporation of bio-Standard radioactive 32 P nick-translation procedure.
Patients and Methods
Two groups of patients were studied:
Group I comprised 122 palients with chronic hepalitis type B, s documented by the presence of hepatitis B surface antigen (HBsAg) and elevated alanine aminotransferase levels in serum for at least 6 months. Most of them had histological evidence of chronic hepatitis or cirrhosis. Seventy (57%) were HBeAgpositive and 52 (42%) were anti-HBe-positive. The alanine aminotransferase levels in HBeAg-positive patients were: mean 76 U/l; r nge 40-210 U/l. The corresponding values in the anti-HBe-positive group were: mean 84 U/l; r nge 35 -84 U/l.
Group II (control group) included 30 patients with chronic hepatitis, 28 with antibodies to hepatitis C virus (alanine aminotransferase r nge 60-248 U/l, mean 153 U/l) and 20 clinically healthy blood donors (alanine aminotransferase levels within the normal r nge). None of the 50 control subjects had serological markers of HBV infection.
Hepatitis B virus markers
The hepatitis B surface antigen (HBsAg), the hepatitis B V antigen (HBeAg), the antibody to hepatitis B "core" antigen (anti-HBc) and the antibody to hepatitis B "e" antigen (antiHBe) were determined using commercial radioimmunoassays (Abbott Laboratories, North Chicago, ILL).
Nucleic acid hybridization
The nkrocellidose filters were always prehybridized for at least 2h in a solution containing 12.5 mol/1 formamide, 0.75 mol/1 NaCl, 0.075 mol/1 sodium citrate, 0.02 mol/1 Na phosphate (pH 6.5), 5 χ Denhart's and 100 mg/1 salmon sperm DNA at 42 °C. Hybridization was carried out in the same solution with either 100 μg/l of non-radioactive probe or 10 μg/l of radioactive probe. The filters were washed in a solution containing 0.015 mol/1 Neck, 0.0015 sodium citrate; Ό.0034 mol/1 SDS and then air dried.
Detection of bound labelled DNA probes
The fllters hybridized with the radioactive DNA probe were autoradiographed at -70°C with Kodak XAR-S film and Micron R intensifying screen.
Positive hybridization with biptin-labelled probes was visualized by incubation with streptavidin/alkaline phosphatase conjugate followed by coloured enzymatic reaction (5-bromo-4 chloro-3-indolyl phosphate and nitroblue tetrazolium salt) (BRL).
The detection of digoxygenin-labelled DNA was carried out by enzym-linked immunoassay using an antibody-conjugate (antidigoxygenin alkaline phosphatase conjugate) and the above described colorimetric reaction (Boehringer Mannheim, SA).
Labelling of DNA probes
Plasmid pcF80, containing four copies of cloned HBV-DNA, was kindly provided by Dr. Brechot (Institut Pasteur, Paris, France) (13). The plasmid DNA was digested with Eco RI and subjected to agarose electrophoresis. The HBV-DNA was retained in DEAE-cellulose and eluted by incubation in a buffer containing 1.5 mol/1 NaCl buffer 10 mmol/1 Tris · HC1 (pH 7.5), l mmol/1 EDTA at 37 °C.
Labelling of DNA probes was carried out s previously described (14, 15) . Briefly: a) Radioactive ( 32 P) probe: For the isotopic labelling, 
Determination of sensitivity and specificity
The sensitivity of eaeh technique was determined by testing in duplicate decreasing dilutions (200 to 0.1 pg) of plasmid DNA pcF 80 in negative control serum samples. As a negative control plasmid pBR 322 at a concentration of 200 pg was used.
To verify the specificity of the assay, fractions of the serum samples that had given a positive test result for HBV-DNA were deproteinized by digestion with proteinase K (40 mg/1) for 60 min at 37 °C, extracted with phenol/chloroform, and precipitated with ethanol. The resulting purified DNA was dissolved in water, denatured and applied to nitrocellulose filters. It was then tested in the same way s the serum samples.
Results

Sensitivity and time required for testing
The 32 P-labelled probe and digoxygenin-labelled probe were able to detect s little s l pg of cloned HBV-DNA in the spot hybridization test, while the biotin-labelled probe was able to detect 5 pg.
The time required for detection of serum HBV-DNA was 2-3 hours for the non^radioactive probes and 16 hours for the isotopic probe (autoradiogr phy).
Comparison of hybridization results with irnmunological markers HBV-DNA was detected in 60 (49%) of 122 HBsAgpositive serum samples with the 32 P and digoxygeninlabelled probes, and in 79 (64%) sera with the biotin-Tab. 1. Comparison of resuUs obtained with biotin, digoxygenin and 32 P-labelled probes. The detection of HBV-DNA in serum is relatcd to serological Status on 88 scrum samples.
N
Immunological markers HBV-DNA detection Biotin * 8 of these were found be negative after deproteinization. ** 11 of these were found to be negative after deproteinization. After deproteinization, 19 serum samples, 8 from the HBeAg-positive and 11 from the anti-HBe-positive group, which had previously given a positive test result by the biotin-labelled method, were found to be negative; these cases were considered to be falsepositive (tab. 1). There were no false positive results with the 32 P or digoxygenin-labelled methods.
None of the three techniques indicated the presence of HBV-DNA in the 30 samples from patients with chronic hepatitis without HBV markers, or in the 20 healthy subjects.
Discussion
Our results demonstrate that the non-radioactive techniques for detecting HBV-DNA in serum are a suitable alternative to the 32 P-labelled probe because they are sensitive, rapid and reproducible. Of the nonradioactive probes, the best results were obtained with the digoxygenin-labelled probe, which permitted detection of äs little äs l pg of HBV-DNA. This reached the sensitivity level of the 32 P-labelled probe without the inconvenience of exposure to radiation. An additional advantage is the comparatively rapid detection for these methods (2 -3 hours). The biotin-labelled probe give a quick result, but the absolute sensitivity of the assay was about 5 times lower than that of the 32 P-or digoxygenin-labelled probes. Regarding specificity, the biotin-labelled probe produced 16% false positive results, while the 32 P-and digoxygenin-labelled probes produced no false positives. The deproteinization Step improved the specificity of the biotin-labelled technique, but represented on increase in both cost and time. Our results for specificity and sensitivity with the digoxygenin-labelled assay are in agreement with several studies of hybridization "in sitiT, and hybridization of DNA sequences amplified by polymerase chain reaction (PCR) (16 -18) .
Another advantage of the non-radioactive techniques is that the hybridization conditions may be standardized; biotin and digoxygenin have relatively longer half-lives, while 32 P has a half-life of about two weeks. Thus, detection of HBV-DNA is easier, requires less time and money, and can be used in laboratories without special facilities. We found the colorimetric revelation of both digoxygenin and biotin to be of high quality and comparable to autoradiography; this agrees with results published by Leary et al. using other non-radioactive probes (19) .
In earlier studies, serum HBeAg detection has been associated with HBV multiplication, hepatic damage and serum infectivity. However, the detection of sera HBeAg does not always indicate viral replication (3, 20) . Indeed, serum HBV-DNA negativity may precede seroconversion from HBeAg to antiHBe; conversely, HBV-DNA positivity in anti-HBe-positive subjects with chronic hepatitis, may indicate persistent HBV replication (18) . These possibilities have been confirmed using our non-radioactive spot test: 80% of the 70 HBeAg carriers were positive for HBV-DNA and 8% of the 52 anti-HBe-positive carriers were positive for HBV-DNA.
In conclusion, the most efficient non-radioactive method in our hands was the immunological detection of digoxygenin-labelled DNA, whieh demonstrated a sensitivity comparable to the isotöpic technique, and better speeificity than biotin-labelled DNA, suggesting that this method could be a useful tool for clinical diagnosis and monitoring of viral replication in chronic type B hepatitis.
